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Abstract 


Over the past decades, zoos and aquaria have shifted from an emphasis 
on ex situ conservation of animal species to strategies that emphasize 
Received: 16 May 2019 educative and fund-raising efforts to halt environmental degradation ‘in 
Accepted: 22 August 2019 situ’. However, it is here proposed that ‘ex situ’ breeding programs have 
Published online: 30 September 2019 4 strong educative potential and if they are coupled with a fine-grain 
taxonomy based on phylogenetic thinking, they can be perceived as a 
strong ethical message against homogenization of global biodiversity to 
be directed at global, national and local levels. 
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Introduction 


Traditionally, government authorities and some environmental organizations have considered 
ex situ conservation strategies with suspicion, one of the main reasons being that it may divert 
attention (and resources) from in situ conservation activities (Dolman et al., 2015). This view 
was probably influenced by the great charisma of some of the species involved, notably the 
critically endangered California Condor, Gymnogyps californianus (Shaw) (Snyder et al., 
1996). Another reason is that zoo breeding programs are sometimes presented by naive 
stakeholders as an actual deliberate alternative to in situ conservation, a fact with which no 
serious conservation biologist can agree, as ex situ activities can be seen as an emergency 
phase while a more long-term solution is found (Redford et al., 2012). For example, this 
misunderstanding occurred with the Val-d'Or woodland caribou in Canada - an intra- 
subspecific conservation unit of Rangifer tarandus caribou Gmelin according to the 
prevailing outdated taxonomy (Geist, 2007) - only found in Quebec's Abitibi-Témiscamingue, 
when in 2016, a government proposal was made to put all the surviving individuals in a zoo 
because of the high costs of attempting to save them in situ (Page, 2018). 


Potentialities of ex situ conservation 


The present ex situ emphasis by the zoo community actually seems to overlook some of the 
political implications associated with the development of breeding programs in a zoo or in ad 
hoc breeding facilities. Further, although the space available in zoos and similar facilities is 
not unlimited, it seems that there is ample space for allocating more space and resources to 
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threatened taxa without significant extra cost (MareSova and Frynta, 2008; Gippoliti, 2012). 
As an example, several hundred brown bear individuals, Ursus arctos Linnaeus, of unknown 
origin are probably kept in European zoos but part of this occupied space could easily be 
made available to some of the most notable and threatened subspecies; such as Ursus arctos 
syriacus Hemprich and Ehrenberg, U. a. isabellinus Horsfield, U. a. pruinosus Blyth and U. 
a. marsicanus Altobello without incurring much extra cost. 


Discussions over the conservation value of zoos have concentrated on the feasibility and 
success of reintroductions of captive-bred individuals to the wild (Conde et al., 2011; Gilbert 
et al., 2017). It is stressed here that conservation breeding programs (CBPs) have a crucial 
role in shaping conservation priorities and direct attention and resources toward the 
conservation of particular taxa, with positive feedback for the local biodiversity. It is true that 
sometimes captive breeding or translocations are presented as a easy way to overcome a 
problem - an endangered species - that block ‘development’ of a region, but this is usually 
done by governments in countries where the mission of zoos and ‘ex situ’ conservation is not 
fully understood. 


Furthermore, CBP success is not simply the result of public exhibition, but rather a more 
complex and elaborate process that includes research activities and data collecting, scientific 
publications, educational tools and communications to a wider audience, including the 
scientific community and governments. Although private aviculturists can have a greater 
breeding success than zoos with several bird groups, they rarely can accomplish the other 
communicative goals of CBPs such as zoos or other international organizations like the 
Peregrine Fund (Jones et al., 1994). In such cases, CBPs have transformed obscure species 
into flagship ones (Gippoliti, 2011). 


Hence the reference to Durrell’s legacy seems fully justified as Gerald Durrell (1925-1995) 
and the zoo he founded in Jersey were pioneers in working on little-known insular endemic 
species (even smaller vertebrates such as frogs and geckos). These often became 
internationally-recognized flagship species, such as the Mauritius pink pigeon, Nesoenas 
mayeri (Prévost), due to the famous Jersey-based conservation program (Mallinson, 1991). 
But examples are not limited to island endemic species, nor to Durrell’s work. The Kenyan 
bongo, Tragelaphus eurycerus isaaci (Thomas) shows remarkably well that a captive 
population can furnish not only demographic and genetic help to a dwindling wild population, 
but also offer a much needed ‘voice’ to a national conservation crisis (Reillo, 2002). 
Interestingly, a highly distinctive and equally threatened bongo, Tragelaphus eurycerus 
eurycerus (Ogilby) - possibly a distinct species - in the forested areas of the Guinean coast of 
West Africa (distributed from Sierra Leone to Benin) has received practically no attention by 
the conservation and zoo community (Gippoliti et al., 2018). Again, the conservation of the 
pygmy hog, Porcula salvania Hodgson in India is mostly due to the efforts of Durrell’s zoo, 
and William Oliver specifically, even if the species is practically absent from any zoos outside 
India. Hence, it may seem that captive breeding and the zoo world may as well have a crucial 
role in biodiversity conservation, partly re-balancing well-known biases of allocation of 
conservation resources towards certain species and regions (Brockington and Scholfield, 
2010). 


The often, not fully disclosed, message of ex situ programs is one of an organism providing 
value to people who may have no specific cultural bond with the species, but who feel that 
there is an ethical duty to preserve biodiversity around the globe. This can be a powerful 
message to national governments and communities were these species live! In 1923, the 
International Society for the Protection of European Bison (formed in 1922 after the end of 
the First World War) had an active Italian Section even though the species had disappeared 
for millennia from Italy and no captive individuals were present there at the time. The 
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Society’s chair, the Italian zoologist Oscar de Beaux (1879-1956), author of a booklet entitled 
“Biological Ethics” (de Beaux, 1932), thought that the European bison, Bison bonasus 
(Linnaeus) was part of the heritage of all Europeans. Today in a fully globalised planet, we 
must try to council environmental globalism with respect for cultural localisms. Yet, in some 
circumstances, unilateral decisions to begin a conservation breeding program may increase 
awareness and offer a second chance to both the international community and more local 
communities. 


The relevance of taxonomy and phylogenetic systematics 


Increased awareness of local conservation priorities is certainly encouraged by a greater 
taxonomic knowledge of the world’s biodiversity. Recognition of narrow endemics (at the 
subspecies or species level according to available evidence and the scientific philosophy 
adopted) is the first step to allow the flourishing of several local initiatives that the 
international community should try to encourage and support. For a series of conceptual and 
conservation-related problems linked to the subspecies category inside the Biological Species 
Concept (BSC), an alpha taxonomy based on a Phylogenetic Species Concept (PSC) is 
regarded by some conservationists as more scientifically sound (cf. Groves et al., 2017). 


If we want prevent acts, such as the almost total extinction of the Nile or Northern white 
rhinoceros, Ceratotherium cottoni (Lydekker), we should stop lamenting civil unrest, 
poaching or guerilla warfare as unforeseeable events and begin to implement strong 
conservation initiatives and, among them, conservation breeding if feasible. Two cases linked 
to my recent scientific activities are of relevance here. In a recent paper (Gippoliti, 2017) I 
resurrected an old name, long fallen in synonymy, for a distinct species of patas monkey restricted to 
the Blue Nile region of Sudan and Ethiopia, Erythrocebus poliophaeus Reichenbach or Heuglin’s 
patas monkey. Quite stunning photographs of patas monkeys living in zoos around the globe show that 
there are a few breeding groups of this species already in captivity in zoos in Egypt, China, and the 
Arabian Peninsula, but all so far subsumed under Erythrocebus patas (Schreber). In such cases, the 
establishment of an international breeding program in zoos is clearly warranted and should be 
fundamental to fostering biological research on the new species and attract interest towards an 
overlooked region of Africa. Actually, even if the Heuglin’s patas monkey is not on the brink of 
extinction, conservation attention may benefit protected areas that have threatened or unique 
populations of other species, such as the Dinder NP in Sudan and the Alatash NP in Ethiopia (cf. 
Bauer et al., 2018). 


In a quite different context, I was among the supporters for ex situ activities for the Apennine 
brown bear, Ursus arctos marsicanus in Italy (Guacci et al., 2013; Gippoliti, 2016). The 
Apennine brown bear is a very distinctive subspecies of brown bear (Meloro et al., 2017) 
whose population doesn’t exceed 50 individuals, including only 13 breeding females, yet it 
shows a clearly distinct genome from other European brown bears (Benazzo et al., 2017). 
Although their breeding rate is normal, no population growth has been observed in recent 
years (Gervasi and Ciucci, 2018). This led to our proposal to begin collecting sperm and 
tissues for a genetic bank on one hand, while also asking to begin discussion about a 
traditional CBP. Many of these captive bears are in captivity as a result of being rescued as 
orphan cubs or as problematic individuals foraging inside human settlements. While the ex 
situ. proposal was probably perceived as a criticism of the national protection system 
(particularly toward the Abruzzo Lazio and Molise National Parks that have protected this 
population since 1922), international bodies consulted about the issue replied that effectively 
the population is below long-term viability and, if there is no increase, the more feasible 
solution is restocking with nearby populations from the Balkans (Gippoliti and Guacci, 2017). 
Although no practical step (in either direction) has been taken at this time, I think that the 
appeal for ex situ conservation has achieved some important results, which I list below: 
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1) Even if populations remain stable, there is a long-term danger to lose genetic variability 
and this apparently had never been recognized previously by Italian conservation 
bodies. 

2) There is ambiguity at the international level regarding the taxonomic status of Ursus 
arctos marsicanus and what it means for conservation policy. This is a well-known 
scientific problem of the subspecies rank and conservation policies (Groves et al., 2017; 
Gippoliti, 2019) but there was apparently no awareness at the national level. 

3) This small and unique bear population regained public relevance nationally after two 
decades of major attention had been previously directed toward the newly re-established 
Alpine population, certainly a conservation success, but not comparable in biological 
relevance with the endemic Apennine bear. 


Therefore, zoo biologists can have a positive role even through provocative or unorthodox 
proposals such as that of fostering ‘ex situ’ plans in the core of Europe. Further, it seems that 
it is time for a critical revision of the harsh criticism of Phylogenetic Systematics and what 
has been defined as “taxonomic inflation” as originally employed by Meiri and Mace (2007). 
They argued against elevating subspecies to species rank as “Conservation funds are however 
limited, so this may in fact be achieved by diverting funds away from other species” (Meiri 
and Mace, 2007: 1385). 


Biodiversity conservation to be successful should be endorsed by society and therefore is not 
simply a top-down process governed by a few centralized organizations. Support of iconic 
subspecies such as the mountain gorilla, Gorilla beringei beringei Matschie or the Asiatic 
lion, Panthera leo persica (Meyer) (or U. a. marsicanus in Italy) is mainly independent from 
the overall world budget assigned to the conservation of ‘gorillas’, ‘lions’ or “brown bears’. 
Such distinctive taxa, whatever the taxonomic rank, are proudly national and/or local heritage 
and often a source of income for the local economy through nature-based, not mass-based, 
tourism. Taxonomic decisions should be independent from practical, economic or political 
considerations and should be based on the available evidence. Its aim is not to create stable 
species’ lists for biologists and legislators but instead to map the evolutionary history of life 
in a more accurate way, treating species as refutable scientific hypotheses instead of fixed real 
entities (Groves et al., 2017; Raposo et al., 2017). 


Finally, conservation biology is already involved with below-species diversity (Thakur et al., 
2018) and the Sumatran tiger Panthera tigris sumatrae Pocock is the focus of in situ and ex 
situ programs irrespective if sumatrae denotes a species or a subspecies. The alarming decline 
of biodiversity, as measured by the loss of mammal and bird populations but not by IUCN 
status (Ceballos et al., 2017), indicates another possible positive outcome of utilizing a more 
fine-grained taxonomy based on the Phylogenetic Species Concept (PSC). 


The great majority of ‘subspecies’ are, on the contrary, quite obscure to public opinion. 
Hence, the establishment of breeding programs for such distinctive taxa, as the Mexican and 
Florida wolf subspecies in the USA (Hedrick and Fredrickson, 2008) - incidentally now 
assigned to two distinct species, Canis lupus Linnaeus and Canis rufus Linnaeus (Chambers 
et al., 2012) - have a strong political message that has been overlooked so often: “we care for 
this ‘entity’!” This is in agreement with the ethical arguments of de Beaux (1930; 1932; see 
also Gippoliti, 2006) that believe we cannot dispose of living entities that we have not created. 
In his last paper (de Beaux, 1956); reviewing the genus Capra Linnaeus (ibexes, markhor and 
wild goats) he could not accept the taxonomy proposed by Ellerman and Morrison-Scott 
(1951) because of the excessive contractions and synonyms created by their over-synthesis of 
Capra diversity could not be useful for the conservation aim of the de Beaux paper. 
Otherwise, the risk exists that overlooking the relevance of distinctive lineages or subsets of a 
species may communicate that such entities are disposable and not of great biological 
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relevance; thus potentially making weaker conservation policies and undermining community 
support. This could open the gate to a future where ‘Anthropocene science’ decides what to 
conserve and what not to conserve on the basis of purely subjective criteria (such as 
relevance, intelligence, beautiful appearance, phylogenetic closeness to humans, or 
economics). Although public preference is highly biased toward a few iconic large 
vertebrates, a better appreciation of the diversity of such iconic species or taxonomic groups 
through a PSC framework will allow a better distribution of conservation attention and 
resources. Recognition of the importance of two threatened chimpanzee taxa in West Africa, 
Pan troglodytes verus Schwarz and P. t. ellioti (Matschie) (Kormos et al., 2003), clearly 
offers indirect beneficial outcomes to the generally overlooked West African ecosystems. 


Furthermore, the extinction of U. a. marsicanus or Acinonyx jubatus venaticus (Griffith) 
(Asiatic cheetah) - the latter also threatened by a short-minded translocation project of South 
African cheetah in India (cf. O’Brien et al., 2017) - may have far-reaching consequences for 
local communities that may look at quality, nature-based tourism as a possible sustainable 
alternative to exploitation of natural resources. Obviously, this is possible if travelling tourists 
may experience something unique and not just generalized ‘brown bears’ or ‘cheetahs’ that 
are much more easily visible elsewhere. Regarding zoo visitors, we may not expect a full 
appreciation of the importance of such narrow endemics (cf. Martin et al., 2014), yet there is 
ample space for innovative communication and ‘storytelling’ that fully exploit the potential of 
these taxa as flagship conservation species for their unique biodiversity hotspot. 


Conclusions 


Zoos and their staff have a great potential, if associated with Natural History experts and 
institutions, to contribute their work to slowing down biodiversity erosion and _ biotic 
homogenization around the Planet, as achieved by the Durrell’s Trust (Young et al., 2014), 
but they need to explore new grounds for maintaining an emphasis on biodiversity issues. 
Specifically, it is suggested that with the aid of new technologies applied to communication, 
breeding programs may have a greater positive effect globally, and within the natural range of 
the target species, encouraging field conservation activities that benefit the target species and 
the whole ecosystem irrespective of the direct release of captive-bred individuals. 


Although zoos cannot embrace every threatened species, they can carefully choose taxa that 
originate from overlooked regions or biodiversity hotspots, such as West African rainforests 
or Sunda Islands. Through appropriate exhibition and communication, zoos can make a 
difference in the future conservation of valuable taxa and ecosystems around the globe; even 
if they transform just a small percentage of their 700 million annual visitors into competent 
biophilia supporters. 
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